Athletes usually start the training with normal body water content, and then they dehydrate during exercise. The water deficit may contribute to increased heart rate and therefore impaired heart rate variability (HRV) 
Introduction
The regularly practice of physical activity generates health benefits, from improvements in cardiovascular health to changes in body composition. Physical exercise can increase the ability to use oxygen to produce energy; it promotes increased cardiac output and favorably modifies the metabolism of carbohydrates and lipids, causing changes in body weight, and reducing the risk of obesity and diabetes. On the other hand, physical activity improves physical resistance, joint flexibility and muscle strength [1] .
During physical activity water losses occur, which come from sweating and respiratory evaporation. The level of dehydration is affected by: (i) the characteristics of the exercise: the intense and lasting exercise, increment heat production and water losses; (ii) environmental conditions: the high temperature and humidity reduce the dissipation of heat through the skin, increasing sweating and breathing, and (iii) level of training: the lower level of training increased water losses [2] .
A trained person can lose between 2% and 7% of their body weight in water during a session of prolonged exercise (about 60 minutes), forcing him to make a proper fluid replacement. However, the thirst sensation occurs when light levels of dehydration are present. Also, the exercise delays thirst sensation, therefore, voluntary fluid intake rarely replenishes the amount of water lost through sweating. For these reasons it is important that the athlete remains in constant hydration, even before the thirst sensation appears [2] [3] .
Among the physiological effects caused by dehydration are the reduction in stroke volume and blood pressure. On the other hand, dehydration reduces the rate of sweating, decreasing heat dissipation from the skin, which can cause body hyperthermia [4] . It also can produce the decline athletic performance, fatigue at submaximal intensities and cardiovascular changes such as increased heart rate [5] .
The oscillation in the interval between consecutive heartbeats [6] or Heart Rate Variability (HRV) is a wellestablished quantitative method for noninvasive assessment of autonomic heart activity. HRV has been used as a tool for analysis of the cardiac response linked to athletic performance [7] .
HRV can be affected during and after exercise, study 1, 5 reveals that there is a reduction of parasympathetic tone during routines of intense exercise, and these changes are statistically significant even 24 hours after completing the training, which not occurs with light exercise routines [8] .
Heart Rate Variability Analysis During a Dehydration Protocol on Athletes
On the other hand, it has also been studied HRV changes under the effects of dehydration and heat, suggesting a general detrimental effect in cardiac autonomic stability because dehydration [9] . The water deficit may contribute to increased heart rate post-exercise, as consequence of the offsetting effect of the heart due to the decreased cardiac output.
The aim of this work is to design a clinical protocol to study the cardiac response in dehydration process. For this, a clinical protocol is performed for HRV evaluation using time domain parameters, frequency domain parameters and non-linear parameters, before and after the dehydration process in a population of athletes.
Methodology

Inclusion criteria
The sample consisted of 17 apparently healthy male athletes who practice physical activity at least three times a week. All subjects were non-smokers and without medical preconditions. Most of the individuals practice cycling, jogging, athletics and triathlon (discipline that comprise the performance of three sports together, such as swimming, cycling and athletics). The duration of the athletes training sessions are equal or greater than 90 minutes, nine subjects practice daily and eight subjects inter-daily.
The study protocol adhered to the principles of the Declaration of Helsinki and was approved by the Ethical Committee of the Simón Bolívar University; all protocol participants gave a written informed consent.
Implemented protocol
The protocol was carried out early in the morning and had a duration of three hours. Participants were asked to eat an hour before the evaluation. The protocol performed consisted of three phases ( Figure 1 ):
• Phase 1-Rest (RE): The subjects underwent electrocardiographic acquisition before any physical activity.
• Phase 2-Post-exercise (PE): Individuals first conducted a workout of 37 minutes exercise in a bike with resistance (3 minutes exercise heating up, 30 minutes of resistance exercise and 4 minutes of recovery). After the exercise routine, the participants had 30 minutes at rest, and then they underwent a second electrocardiographic acquisition. During this phase, the runners could not drink or eat any type of beverage or food.
• Phase 3-Post-hydration (PH): After the second electrocardiographic acquisition, individuals were hydrated with water ad libitum, and 30 minutes after hydration, they underwent a third electrocardiographic acquisition.
Electrocardiographic acquisitions
The acquisition of electrocardiographic signals was performed by Cardiosoft® module [10] which consists of a USB port that connects the computer to the Cardiosoft® module, a connection to link Cardiosoft® module to electrodes which are attached to the subject. Figure 2 shows the equipment diagram. 
2.2.2
Anthropometric measurements Anthropometric measurements such as weight were performed in each phase and height in RE phase, for measuring the fluid lost during the PE and fluid intake during the PH. The weight was measured with TANITA® Ultimate Scale model 2001 with accuracy of ±1gr.
To calculate lost liquid (LL) during the PE, the weights of the PE and RE phases (equation 1) were used. In the same way to determine the ingested liquid (IL) in the phase PH, the weights of the PH and PE (Equation 2) phases were used. The equations employed to find the lost and ingested liquid are: [gr] , is the weight in PH phase and WD is the density of water at 25°C of temperature and 101.325 KPa of atmospheric pressure, corresponding to 0.997 gr/mL.
In addition, to find the percentage of total body water (TBW), equations for indirect derivation of TBW [11] were applied; those equations are function of weight, height and age [11] . With TBW the percentage of lost water (PLW) was calculated (See equation 3), and therefore the levels of dehydration were estimated. = * * 100
2.2.3
Subjective perception of effort The subjective perception of effort into the exercise routine with the Borg scale [12] was measured. Table 1 shows the Borg scale used in the protocol. Extremely light [1] [2] [3] [4] [5] [6] No exertion at all 
Analysis of Heart Rate Variability
Analysis of HRV allows studying cardiovascular disorders, diabetes, among others [13] . HRV has been used as a tool for analysis of the cardiac response linked to athletic performance [6] . HRV parameters are calculated from the RR time series, which is extracted from the electrocardiographic signal. The RR series is given by the ∆t between the R waves in time. [7] .
For measurement of HRV, time domain parameters, frequency domain parameters and non-linear parameters can be used.
Variable
Units Description SDRR ms Standard deviation of all RR intervals
RMSSD ms
The square root of the mean of the sum of the squares of the differences between adjacent RR intervals. In this study, the RR series extracted from Cardiosoft® software underwent a preprocessing, where outliers from extrasystoles and artifacts were corrected by linear interpolation and applying the Kaplan correction [14] . Table 2 shows the description of HRV parameters in time domain calculated for this research [15] .
2.3.2
Frequency domain parameters The frequency domain parameters are calculated performing a spectral analysis using the power spectral density [15] . Before finding the parameters in the frequency domain, preprocessing of the RR series extracted from Cardiosoft® software was performed, it consisted of resampling RR series at a frequency of 2 HZ, in order to have a uniformly sampled signal. Finally, the spectral estimation was found implementing the 16 th order autoregressive Burg algorithm [16] . Table 3 shows the spectral components calculated for this study.
2.3.3
Non-linear parameters In this research, three non-linear measures of HRV were calculated: the Poincaré diagram, detrended fluctuation analysis (DFA) and approximate entropy (ENT). The Poincaré diagram was adjusted to an ellipse, and the indexes SD1 and SD2 were obtained. SD1 index indicates the short-term variability and SD2 indicate the long-term variability, representing the width (minor axis) and length (major axis) of the ellipse, respectively [17] .
On the other hand, the detrended fluctuation analysis is a method of signal analysis that allows studying the correlation properties of the signal. This algorithm allows different variants that can be used to remove existing different trends order in the signal. The DFA is used to quantify the fractal properties of time series in RR intervals of non-linear HRV analysis. From DFA alpha coefficients or scaling exponents (short-term: α1 and longterm: α2) were obtained from the root-mean-square fluctuation of an integrated and detrended RR time series. These coefficients represent an indicator of irregularity in the series [18] .
Approximate entropy measures the irregularity of the RR interval time series [19] . ENT estimates the natural logarithm of the relative prevalence of repetitive patterns. ENT is greater in healthy systems than in pathologic systems. ENT developed by Pincus et al [19] came from a modification of Kolmogorov-Sinai (K-S) entropy, giving a better analysis of data in a reasonable time. ENT is given in positive real values, if the value is close to zero there is regular or repeating patterns, high values reveal irregular time series.
Statistical analysis
Wilcoxon signed-rank test was used, to find significant differences between HRV parameters along the phases, since these are paired samples. A value of p<0.05 was considered statistically significant. Statistical analysis was performed using the Matlab´s Statistics and Machine Learning Toolbox (version 2015a).
In addition, a simple correspondence analysis (SCA) was made in order to characterize phases using as variables the HRV parameters (time domain, frequency domain and non-linear). SPAD software (version v56en) was used to perform the SCA.
Results
The protocol was implemented in 17 male athletes with ages 22.63 ± 2.13 years. In each of the phases the weight of the subjects was measured to calculate the amount of LL in the phase of PE (381.25 ± 299.37 mL) and the amount of IL in the PH (442 86 ± 217.28 mL) phase, it can be observed that the amount of IL is statistically higher (p <0.05-Wilcoxon) than amount of LL, indicating that subjects achieved optimal hydration, also, the percentage of PLW was calculated during the PE phase (1.42 ± 0.29 %). It is suggesting that participants were under slight dehydration after PE phase.
On the other hand, in measuring the subjective perception of effort into the exercise routine with the Borg scale, 73.3% of subjects indicated that the effort was between no exertion at all and light and the remaining 26.7% indicated the effort was moderate. It should be noted that a vigorous workout was not implemented on the protocol, due to the acute physical activity can alter the values of post-exercise HRV; these alterations do not occur on moderate or light exercise routines [8] . The study of HRV in each of the electrocardiographic signals was performed by obtaining the time-domain parameters (RR, SDRR and RMSSD), frequency domain parameters (LF, HF and LFN) and non-linear parameters (SD1, SD2, ENT, α1 and α2). In Tables 4, 5 and 6 can be observed mean, standard deviations and confidence intervals of each parameter. A statistically significant decrease (p <0.05-Wilcoxon) between the RE and PE phases, in the RR interval, SDRR, RMSSD, LF, HF, SD1, SD2, α1 and α2 was observed; this suggest a reduction of parasympathetic tone in the dehydration process, this finding corroborates the work of [9] , where the results reported decreased parasympathetic tone and increased sympathetic tone during dehydration. Similarly, a statistically significant increase in RR interval, SDRR, RMSSD, LF, HF SD1, SD2, and α1 between PE and PH phases was observed. This may suggest an increased parasympathetic tone and decreased sympathetic tone due to the hydration process [9] .
On the other hand, the statistically significant increase in heart rate in the phase of PE, could indicate heart compensatory response to the reduced cardiac output. Once the TBW reach normal (after hydration), it is expected that heart rate decreases, and actually reaches RE phase, this can be observe as there was not statistically significant difference in the values of RR between RE and PH phases. + Statistically significant differences between RE and PE. * Statistically significant differences between PH and PE. ‡ Statistically significant differences between RE and PH. Table 6 . Mean standard deviation and confidence intervals in each phase of non-linear parameters.
RE
In Table 7 and Figure 3 can observe the simple correspondence analysis performed between phases. Axes 1 and 2 were chosen because they represent 81.49% of the total variance of the data. A distribution found suggest that HF, LF, α2, RMSSD, SD1 and LFN variables with contributions of 22.10%, 13.66%, 12.06%, 11.74%, 11.18% and 8.83%, respectively (see Axis 1, Table 7 ), can discriminate between the RE, PE and PH phases.
In the study of entropy, research indicates that healthy subjects have a chaotic dynamics of HRV and subjects with disease tend to have patterns RR less chaotic [20] . In entropy values no statistically significant differences were observed between the phases, however, it can be seen a slight decrease in entropy in the PE phase (see table 6 ), suggesting when there is a dehydration process patterns of the RR series become less chaotic.
In LFN values no significant differences between phases were observed, however in the SCA, it was observed that the variable LFN with a percentage of 8.83% contribution on axis 1, could discriminate between phases (see In all HRV parameters except in α2 and LFN, there was observed a decrease of parameters in the PE phase and a subsequent increase during the PH phase reaching the RE values. In work [8] and [21] , it is suggested that the effect of intense exercise on the values of HRV parameters, can be seen, hours after completed the routine, and return to baseline levels 24 hours later. In this case the baseline is reached one hour after (PH phase) having completed the workout, this might suggest that the observed changes in HRV are due to the dehydration and not the exercise performed.
Conclusions and future works
In this study a database with electrocardiographic records of 17 athletes for a dehydration protocol was acquired. The designed protocol allowed the ECG acquisitions in three phases: RE phase, post-exercise phase and post-hydration phase. In each ECG acquisition the study of HRV from time domain parameters (RR, SDRR and RMSSD), frequency domain parameters (LF, HF and LFN) and non-linear parameters (SD1, SD2, α1, α2 and approximate entropy) were calculated.
In the statistical analysis was observed a statistically significant decrease (p<0.05-Wilcoxon) between RE and PE phases, and a statistically significant increase between PE and PH phases in RR interval, SDRR, RMSSD, LF, HF, SD1, SD2 and α1. This could suggest a decrease in parasympathetic activity and increased sympathetic activity during the PE phase; and an increased parasympathetic activity and decreased sympathetic activity during the PH due to the dehydration. Because implemented routine consisted in a moderate to light training, the observed changes in HRV analysis were due to the dehydration process and not to the exercise performed; this is supported by studies [8] and [20] .
SCA results showed that the LFN parameter can discriminate between the different phases (RE, PH and PE), although it showed no significant difference between phases in this indicator in the statistical study.
The findings in this paper imply that parameters: RR, RMSSD, SDRR, LF, HF, α1, α2 SD1 and SD2 from HRV, are able to differentiate between phases of hydration and dehydration in the individual athlete, which could be used in the early detection of dehydration using the ECG signal, that is readily available and also noninvasively measure.
Future works will focus on: (i) expansion the number of subjects in the database; (ii) applying the protocol to different populations like metabolic syndrome subjects and sedentary subjects, (iii) testing the protocol with a more intense exercise routine, for observe changes in HRV and the athlete's performance under the influence of intense exercise and dehydration; and, (iv) performing the protocol into a hydration group in order to observe HRV parameters under the effect of exercise with hydrated subjects. 
